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Introduction
Recent research indicates that lighting has become a public health issue (Pauley, 2004). Studies have 
shown that people working in natural sunlight are more productive, more effective, and happier than people 
who work under traditional artificial light. Natural changes in daylight balance a body’s circadian 
rhythm, which determines sleeping and eating patterns, brain wave activity and hormone 
production. Disturbing the circadian rhythm can lead to jetlag, seasonal affective disorder (SAD), delayed 
sleep phase syndrome (DSPS), and may lead to more serious conditions such as cancer (Roberts, 2001). 
In industrialized nations it is estimated that up to 20% of the workforce are involved in some kind of shift 
work (Webb, 2006). Studies indirectly link exposures of shift workers to light at night (LAN) and higher 
incidences of breast cancer and colorectal cancers (Pauley, 2004). 
Buildings consume 39% of the primary energy in the United States, out of which, on average 18% is from 
the lighting system (DOE, 2006). Furthermore, heat produced by the lighting system yields 24% of the total 
building cooling load (Leslie, 2003). Therefore, proper lighting utilization through low-energy systems that 
generate little heat could result in significant cooling energy savings for buildings, which would further result 
in less environmental pollution during the energy production process. Moreover, studies (Leslie, 2003 and 
Fay, 2002) have shown a connection between lighting levels and higher productivity and better 
performance from building occupants. Daylight brings enough light to meet lighting requirements of 50 to 
70% of the occupancy period in the temperate zone of the earth, and even more around the equator 
(Fontoynont, 2002). Energy savings by using daylighting can be up to 50% of the gross full yearly use of 
light for interior conditions (Ne’eman, 1982). 
For proper health and energy savings it is important to use or mimic the full spectrum of natural lighting. 
Ocular light, or light reaching the eye, serves two functions: vision and control of circadian rhythm (Roberts, 
2008). Studies have shown that daylighting provides the quality light necessary for maximum vision and 
visual acuity (Bliss, 1946) and provides the full spectrum of light needed for health and wellbeing (Roberts, 
2001). It is well established that the circadian rhythm is regulated by changes in visible light from the sun 
throughout the day, and visible light can also be responsible for modifying the circadian rhythm (Aschoff, 
1965). The full spectrum of light includes UVA, UVB and visible light: at noon there is high intensity in the 
blue light region [400-500 nm], in the late afternoon blue light is preferentially scattered out of (removed 
from) incoming sunlight so that the late afternoon sun provides red and orange light [600-700 nm], and 
when the sun sets it becomes dark. Circadian Rhythm is controlled daily by blue visible light [460-500 
nm] together with darkness in the environment (Roberts, 2008).
Daylighting strategies and composite solar luminaires will be installed and tested by student residents living 
at the Drexel Smart House, a Drexel Engineering Cities Research Initiative (DECI).
Photobiology
Non-Visual Effects of Light on the Body
The science of photobiology studies the effects of light on living things. Light is part of the Electromagnetic Spectrum, most of which we do not physically perceive. Infrared is perceived by the body as heat, visible light provides us with vision and the 
skin is affected by ultraviolet rays. The greater the energy, the greater the potential for harm: UV-C and UV-B cause sunburn and basal cell carcinoma; UV-A causes skin aging and is thought to induce dermal melanoma; while visible light is relatively 
benign. On the other hand, the therapeutic benefits of visible light can be incredible, because it reaches the bloodstream and can affect the body’s entire metabolism. 
Light penetrates the eye similarly, with ultraviolet light penetration limited to the surface layers of the eye and only visible light reaching the retina. The rods and cones of the retina relay visual information through the fovea to the optic nerve for 
processing in the visual cortex at the base of the brain. Ocular light, or light reaching the eye, serves two functions: vision and control of circadian rhythm. When visual light impinges on the retina, it sends a signal to the suprachiasmatic nucleus 
(SCN) in the hypothalamus, which is then sent to the base of the spine and distributed back up vertically throughout the body, creating a cascade of hormonal changes in the pituitary, pineal, adrenal and thyroid glands. This has a profound effect on 
most physiological functions in the body.
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Electromagnetic Spectrum
Research Questions
Energy Use
Natural Daylighting is a Renewable Resource
Maximize the use of daylighting in the Indoor Environment to promote health and conserve energy
Vision/Visual Acuity and Light Quality
Light output can be measured in terms of lumens per square meter or lux
Although the light intensity may be equivalent, some light sources provide a better quality light
Goal is to reduce eye strain and improve performance of visual tasks
Health Applications
Promote maintenance of natural Circadian Rhythms
Alzheimer’s and Dementia residents – natural daylighting reduces wandering and agitation
Night Shift workers – prevent Seasonal Affective Disorder, Delayed Sleep Phase Syndrome and cancer
Technology
Investigate lighting sources to supplement natural daylighting such as LED, OLED and fluorescent
Mimic the full spectrum of natural daylight while maintaining consistent lighting levels
Research Process
Radiance Computer Simulation of Room 
with Composite Solar Luminaire
Prototype Development
The Composite Solar Light Engine and Luminaire will be used to evenly distribute natural daylighting supplied by a commercially 
available light harvester to building interiors with limited access to the exterior.  Through sophisticated building environmental controls, 
illumination levels will remain constant regardless of exterior weather conditions, the color temperature of the light emitted will match 
natural daylight and change throughout the day to match diurnal conditions, lighting controls will be dynamically adaptable to match 
personal preferences, and the lighting level will have the ability to be adjusted manually or be turned off when no illumination is 
desired. The goal is to manufacture the Composite Solar Light Engine and Luminaire in Pennsylvania using local resources.
DAYLIGHT DISTRIBUTION
Skin Penetration by Light
Inventory lighting in the Emergency Room at Hahnemann 
and its waiting room during the day and evening hours, 
noting light source, illumination levels and light source. 
1. Map the waiting room to establish several key locations 
for measurement.
2. Determine a time scale for measurement, i.e. hourly. 
3. Measure the density of persons waiting in each area. 
4. Measure the lighting in several types of treatment rooms 
in the ED with both "ambient" and task lighting sources.
Inventory the lighting exposure and personal activity 
(sleep wake cycles) versus time for hospital staff 
(doctors and nurses) over a period of a week by using 
the wearable Acti-watch.   First Floor Emergency Department Hahnemann Hospital
DAYLIGHT HARVESTING 
and DISTRIBUTION
The daylight harvester 
captures the sun’s rays to 
redistribute within building 
interiors located remote 
from exterior walls
DAYLIGHT HARVESTERS
Interior Room Section
Composite Solar Luminaire Section Composite Solar Light Engine 
and Luminaire
Daylight Balancing
LED compensation to ensure 
consistent interior lighting levels
Color Matching
LED compensation to mimic the 
full spectrum of natural daylight
